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Description 

[0001] The present invention relates to a depot gel 
composition that can be injected into a desired location 
and which can provide sustained release of a beneficial 5 
agent. The present invention also relates to a method 
of preparing the composition. 

Description of the Related Art 

10 

[0002] Biodegradable polymers have been used for 
many years in medical applications. Illustrative devices 
composed of the biodegradable polymers include su- 
tures, surgical clips, staples, implants, and drug delivery 
systems. The majority of these biodegradable polymers ^ 
have been based upon glycoside, lactide, caproiactone, 
and copolymers thereof. 

[0003] The biodegradable polymers can be thermo- 
plastic materials which means that they can be heated 
and formed into various shapes such as fibers, clips, 20 
staples, pins, films, etc. Alternatively, they can be ther- 
mosetting materials formed by crosslinking reactions 
which lead to high-molecular-weight materials that do 
not melt or form flowable liquids at high temperatures. 
[0004] Although thermoplastic and thermosetting bio- 25 
degradable polymers have many useful biomedical ap- 
plications, there are several important limitations to their 
use in the bodies of various animals including humans, 
animals, birds, fish, and reptiles. Because these poly- 
mers are solids, all instances involving their use have 
required initially forming the polymeric structures out- 
side the body, followed by insertion of the solid structure 
into the body. For example, sutures, clips, and staples 
are all formed from thermoplastic biodegradable poly- 
mers prior to use. When inserted into the body, they re- 
tain their original shape. While this characteristic is es- 
sential for some uses, it is a drawback where it is desired 
that the material flow to fill voids or cavities where it may 
be most needed. 

[0005] Drug delivery systems using thermoplastic or 
thermosetting biodegradable polymers also have to be 
formed outside the body. In such instances, the drug is 
incorporated into the polymer and the mixture is shaped 
into a certain form such a cylinder, disc, or fiber for im- 
plantation. With such solid implants, the drug delivery 
system has to be inserted into the body through an in- 
cision. These incisions are sometimes larger than de- 
sired by the medical profession and occasionally lead 
to a reluctance of the patients to accept such an implant 
or drug delivery system. Nonetheless, both biodegrad- 
able and non-biodegradable implantable drug delivery 
systems have been widely used successfully. 
[0006] One reservoir device having a rate-controlling 
membrane and zero-order release of an agent that is 
particularly designed for intraoral implantation is de- 
scribed in U.S. Patent No. 5,085,866. The device is pre- 
pared from a core that is sprayed with a solution having 
a polymer and a solvent that is composed of a rapidly 



evaporating, low boiling point first solvent and a slowly 
evaporating, high boiling second solvent. 
[0007] Other illustrative osmotic delivery systems in- 
clude those disclosed in U.S. Patent Nos. 3,797,492, 
3,987,790, 4,008,719, 4,865,845, 5,057,318, 
5,059,423, 5,112,614, 5,137,727, 5,151,093, 
5,234,692, 5,234,693, 5,279,608, and 5,336,057. Pul- 
satile delivery devices are also known which deliver a 
beneficial agent in a pulsatile manner as disclosed in U. 
S. Patent Nos. 5,209,746, 5,308,348, and 5,456,679. 
[0008] One way to avoid the incision needed to im- 
plant drug delivery systems is to inject them as small 
particles, microspheres, or microcapsules. For exam- 
ple, U.S. Patent No. 5,019,400 describes the prepara- 
tion of controlled release microspheres via a very low 
temperature casting process. These materials may or 
may not contain a drug which can be released into the 
body. Although these materials can be injected into the 
body with a syringe, they do not always satisfy the de- 
mand for a biodegradable implant. Because they are 
particulate in nature, they do not form a continuous film 
or solid implant with the structural integrity needed for 
certain prostheses. When inserted into certain body 
cavities such as a mouth, a periodontal pocket, the eye, 
or the vagina where there is considerable fluid flow, 
these small particles, microspheres, or microcapsules 
are poorly retained because of their small size and dis- 
continuous nature. Further, the particles tend to aggre- 
gate and thus their behavior is hard to predict. In addi- 
tion, microspheres or microcapsules prepared from 
these polymers and containing drugs for release into the 
body are sometimes difficult to produce on a large scale, 
and their storage and injection characteristics present 
problems. Furthermore, one other major limitation of the 
microcapsule or small-particle system is their lack of re- 
versibility without extensive surgical intervention. That 
is, if there are complications after they have been inject- 
ed, it is considerably more difficult to remove them from 
the body than with solid implants. A still further limitation 
on microparticles or microcapsulation is the difficulty in 
encapsulating protein and DNA-based drugs without 
degradation caused by solvents and temperature ex- 
tremes. 

[0009] The art has developed various drug delivery 
systems in response to the aforementioned challenges. 
For instance, U.S. Patent No. 4,938,763 and its division- 
al U.S. Patent No. 5,278,201 relate to a biodegradable 
polymer for use in providing syringeable, in-situ forming, 
solid biodegradable implants for animals. In one embod- 
iment, a thermoplastic system is used wherein a non- 
reactive polymer is dissolved in a biocompatible solvent 
to form a liquid which is placed in the animal wherein 
the solvent dissipates to produce the solid implant. Al- 
ternatively, a thermosetting system is used wherein ef- 
fective amounts of a liquid acrylic ester-terminated, bi- 
odegradable prepolymer and a curing agent are formed 
and the liquid mixture is placed within the animal where- 
in the prepolymer cures to form the solid implant. It is 
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stated that the systems provide a syringeable, solid bi- 
odegradable delivery system by the addition of an effec- 
tive level of a biologically active agent to the liquid before 
the injection into the animal. 

[0010] U.S. Patent No. 5,242,910 describes a sus- 
tained release composition for treating periodontal dis- 
ease. The composition comprises copolymers of lactide 
and glycolide, triacetin (as a solvent/plasticizer) and an 
agent providing relief of oral cavity diseases. The com- 
position can take the form of a gel and can be inserted 
into a periodontal cavity via a syringe using either a nee- 
dle or a catheter. As additional optional components, the 
composition can contain surfactants, flavoring agents, 
viscosity controlling agents, complexing agents, antioxi- 
dants, other polymers, gums, waxes/oils, and coloring 
agents. One illustrative viscosity controlling agent set 
forth in one of the examples is polyethylene glycol 400. 
[0011] With solvent-based depot compositions com- 
prised of a polymer dissolved in a solvent, one problem 
which exists is that the composition solidifies slowly after 
injection as solvent diffuses from the depot. Since these 
compositions need to be non-viscous in order to be in- 
jected, a large percentage of drug is released as the sys- 
tem forms by diffusion of the solvent. This effect is re- 
ferred to as a "burst" effect. In this respect, it is typical 
for solvent-based compositions to have a drug burst 
wherein 30-75 % of the drug contained in the composi- 
tion is released within one day of the initial injection. 

SUMMARY OF THE INVENTION 

[0012] The present invention is a significant advance 
in the art and in one aspect provides an injectable depot 
gel composition comprising: 

A) a biocompatible polymer; 

B) a solvent that dissolves the polymer and forms a 
viscous gel; 

C) a beneficial agent; and 

D) an emulsifying agent in the form of a dispersed 
droplet phase in the viscous gel. 

[0013] In a further aspect, the present invention pro- 
vides a method of preparing an injectable depot gel 
composition comprising: 

A) mixing a biocompatible polymer and a solvent 
whereby the solvent dissolves the polymer and 
forms a viscous gel; 

B) dispersing or dissolving a beneficial agent in the 
viscous gel to form a beneficial agent containing 
gel; and 

C) mixing an emulsifying agent with the beneficial 
agent containing gel, said emulsifying agent form- 
ing a dispersed droplet phase in the beneficial agent 
containing gel so as to provide the injectable depot 
gel composition. 



10 



15 



20 



[0014] In another aspect, the present invention pro- 
vides a method of preparing an injectable depot gel 
composition comprising: 

A) mixing a biocompatible polymer and a solvent 
whereby the solvent dissolves the polymer and 
forms a viscous gel; 

B) dispersing or dissolving a beneficial agent in an 
emulsifying agent to form a beneficial agent con- 
taining emulsifying agent; and 

C) mixing the beneficial agent containing emulsify- 
ing agent with the viscous gel, said beneficial agent 
containing emulsifying agent forming a dispersed 
droplet phase in the viscous gel to provide the in- 
jectable depot gel composition. 

[0015] In yet another aspect, the invention provides 
an injectable depot gel composition comprising: 

A) a biocompatible polymer; 

B) a solvent that dissolves the polymer and forms a 
viscous gel; and 

C) an emulsifying agent in the form of a dispersed 
droplet phase in the viscous gel. 

25 

[0016] In an additional aspect, the invention provides 
a kit adapted to provide an injectable depot composition 
comprising as kit components: (a) a biocompatible pol- 
ymer and a solvent that dissolves the polymer and forms 
30 a viscous gel; (b) emulsifying agent; and (c) beneficial 
agent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [0017] The foregoing and other objects, features and 
advantages of the present invention will be more readily 
understood upon reading the following detailed descrip- 
tion in conjunction with the drawings in which: 

40 Figure 1 is a graph illustrating the dispense force 
required to dispense the emulsified and non-emul- 
sified viscous gel compositions through a 20 gauge 
needle in psig at 2 cc/min; 
Figure 2 is a graph illustrating the release profiles 

45 of lysozyme from three different compositions in 
days; and 

Figure 3 is a graph illustrating the viscosity profiles 
at different shear rates of water alone and of an 
aqueous mixture of ethanol, and of the viscous gel 
so without emulsifying agent. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

55 [001 8] As explained above, one aspect of the present 
invention relates to an injectable depot gel composition 
comprising: 
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A) a biocompatible polymer; 

B) a solvent that dissolves the biocompatible poly- 
mer and forms a viscous gel; 

C) a beneficial agent; and 

D) an emulsifying agent in the form of a dispersed 5 
droplet phase in the viscous gel. 

[0019] The polymer, solvent and emulsifying agents 
of the invention must be biocompatible, that is they must 
not cause irritation or necrosis in the environment of use. 10 
The environment of use is a fluid environment and may 
comprise a subcutaneous or intramuscular portion or 
body cavity of a human or animal. 
[0020] Polymers that may be useful in the invention 
may be biodegradable and may include, but are not lim- is 
ited to polylactides, polyglycolides, polycaprolactones, 
polyanhydrides, polyamines, polyurethanes, polyes- 
teramides, polyorthoesters, polydioxanones, polya- 
cetals, polyketals, polycarbonates, polyorthocar- 
bonates, polyphosphazenes, succinates, poly(malic ac- 20 
id), poly(amino acids), polyvinylpyrrolidone, polyethyl- 
ene glycol, polyhydroxycellulose, chitin, chitosan, and 
copolymers, terpolymers and mixtures thereof. 
[0021] The polymer may be a poiylactide, that is, a 
lactic acid-based polymer that can be based solely on 25 
lactic acid or can be a copolymer based on lactic acid 
and glycolic acid which may include small amounts of 
other comonomers that do not substantially affect the 
advantageous results which can be achieved in accord- 
ance with the present invention. As used herein, the 30 
term "lactic acid" includes the isomers L- lactic acid, D- 
lactic acid, DL-lactic acid and lactide while the term "gly- 
colic acid" includes glycolide. The polymer may have a 
monomer ratio of lactic acid/glycolic acid of from about 
100:0 to about 15:85, preferably from about 60:40 to 35 
about 75:25 and an especially useful copolymer has a 
monomer ratio of lactic acid/glycolic acid of about 50:50. 
[0022] The lactic acid-based polymer has a number 
average molecular weight of from about 1 ,000 to about 
1 20,000, preferably from about 1 0,000 to about 30,000 40 
as determined by gas phase chromatography. As indi- 
cated in aforementioned U.S. Patent No. 5,242,910, the 
polymer can be prepared in accordance with the teach- 
ings of U.S. Patent No. 4,443,340. Alternatively, the lac- 
tic acid-based polymer can be prepared directly from 45 
lactic acid or a mixture of lactic acid and glycolic acid 
(with or without a further comonomer) in accordance 
with the techniques set forth in U.S. Patent No. 
5,310,865. The contents of all of these patents are in- 
corporated by reference. Suitable lactic acid-based pol- so 
ymers are available commercially. For instance, 50:50 
lactic acid:glycolic acid copolymers having molecular 
weights of 10,000, 30,000 and 100,000 are available 
from Boehringer Ingelheim (Petersburg, VA). 
[0023] The biocompatible polymer is present in the ss 
composition in an amount ranging from about 5 to about 
80% by weight, preferably from about 20 to about 50% 
by weight and often 35 to 45% by weight of the viscous 
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gel, the viscous gel comprising the combined amounts 
of the biocompatible polymer and the solvent. Once in 
place in the environment of use, the solvent will diffuse 
slowly away from the depot and the polymer will slowly 
degrade by hydrolysis. 

[0024] The solvent must be biocompatible and is se- 
lected so as to dissolve the polymer to form a viscous 
gel that can maintain particles of the beneficial agent 
dissolved or dispersed and isolated from the environ- 
ment of use prior to release. Illustrative solvents which 
can be used in the present invention include but are not 
limited to triacetin, N-methyl-2-pyrrolidone, 2-pyrro- 
lidone, glycerol formal, methyl acetate, benzyl ben- 
zoate, ethyl acetate, methyl ethyl ketone, dimethylfor- 
mamide, dimethyl sulfoxide, tetrahydrofuran, caprol- 
actam, decylmethylsulfoxide, oleic acid, and 1-do- 
decylazacyclo-heptan-2-one and mixtures thereof. The 
preferred solvents are triacetin and N-methyl-2-pyrro- 
lidone. Triacetin provides a high level of polymer disso- 
lution which leads to greater gel viscosities, with attend- 
ant higher force needed to dispense the viscous gel 
when compared with other solvents. These characteris- 
tics enable the beneficial agent to be maintained without 
exhibiting a burst effect, but make it difficult to dispense 
the gel through a needle. For instance, as shown in Fig- 
ure 1 , a gel prepared from 40% by weight of a 50:50 
lactic acid:glycolic polymer and 60% by weight of triace- 
tin required about 40 psig to dispense the gel through a 
standard 20 gauge needle at 2 cc/min while a gel pre- 
pared from the same amount of polymer with 60% by 
weight of N-methyl-2-pyrrolidone required only about 8 
psig. Figure 1 further shows that when the emulsifying 
agent (in this case 33% by weight of a 1 0% ethanol so- 
lution) is added to the viscous gel according to the in- 
vention, the dispense force needed is only about 2 psig. 
The shear thinning characteristics of the depot gel com- 
positions of the present invention allow them be readily 
injected into an animal including humans using standard 
gauge needles without requiring undue dispensing 
pressure. 

[0025] The solvent is typically present in an amount 
of from about 95 to about 20% by weight and is prefer- 
ably present in an amount of from about 80 to about 50% 
by weight and often 65 to 55% by weight of the viscous 
gel, that is the combined amounts of the polymer and 
the solvent. The viscous gel formed by mixing the poly- 
mer and the solvent typically exhibits a viscosity of from 
about 1 ,000 to about 200,000 poise, preferably from 
about 5 to about 50,000 poise measured at a 1 .0 sec ' 
shear rate and 25° C using a Haake Viscometer at about 
1-2 days after mixing is completed. Mixing the polymer 
with the solvent can be achieved with conventional low 
shear equipment such as a Ross double planetary mixer 
for from about 1 to about 2 hours. 
[0026] The beneficial agent can be any physiological- 
ly or pharmacologically active substance or substances 
optionally in combination with pharmaceutically accept- 
able carriers and additional ingredients such as antioxi- 
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dants, stabilizing agents, permeation enhancers, etc. 
that do not substantially adversely affect the advanta- 
geous results that can be attained by the present inven- 
tion. The beneficial agent may be any of the agents 
which are known to be delivered to the body of a human 
or an animal and that are preferentially soluble in water 
rather than in the polymer-dissolving solvent. These 
agents include drug agents, medicaments, vitamins, nu- 
trients, or the like. Included among the types of agents 
which meet this description are nutrients, vitamins, food 
supplements, sex sterilants, fertility inhibitors and fertil- 
ity promoters. 

[0027] Drug agents which may be delivered by the 
present invention include drugs which act on the periph- 
eral nerves, adrenergic receptors, cholinergic recep- 
tors, the skeletal muscles, the cardiovascular system, 
smooth muscles, the blood circulatory system, synoptic 
sites, neuroeffector junctional sites, endocrine and hor- 
mone systems, the immunological system, the repro- 
ductive system, the skeletal system, autacoid systems, 
the alimentary and excretory systems, the histamine 
system and the central nervous system. Suitable agents 
may be selected from, tor example, proteins, enzymes, 
hormones, polynucleotides, nucleoproteins, polysac- 
charides, glycoproteins, lipoproteins, polypeptides, 
steroids, analgesics, local anesthetics, antibiotic 
agents, anti-inflammatory corticosteroids, ocular drugs 
and synthetic analogs of these species. 
[0028] Examples of drugs which may be delivered by 
the composition of the present invention include, but are 
not limited to prochlorperzine edisylate, ferrous sulfate, 
aminocaproic acid, mecamylamine hydrochloride, pro- 
cainamide hydrochloride, amphetamine sulfate, meth- 
amphetamine hydrochloride, benzamphetamine hydro- 
chloride, isoproterenol sulfate, phenmetrazine hydro- 
chloride, bethanechol chloride, methacholine chloride, 
pilocarpine hydrochloride, atropine sulfate, scopo- 
lamine bromide, isopropamide iodide, tridihexethyl chlo- 
ride, phenformin hydrochloride, methylphenidate hydro- 
chloride, theophylline cholinate, cephalexin hydrochlo- 
ride, diphenidol, meclizine hydrochloride, prochlorpera- 
zine maleate, phenoxybenzamine, thiethylperzine 
maleate, anisindone, diphenadione erythrityl tetrani- 
trate, digoxin, isoflurophate, acetazolamide, methazola- 
mide, bendroflumethiazide, chloropromaide, tolaza- 
mide, chlormadinone acetate, phenaglycodol, allopuri- 
nol, aluminum aspirin, methotrexate, acetyl sulfisoxa- 
zole, erythromycin, hydrocortisone, hydrocorticoster- 
one acetate, cortisone acetate, dexamethasone and its 
derivatives such as betamethasone, triamcinolone, 
methyltestosterone, 17-S-estradiol, ethinyl estradiol, 
ethinyl estradiol 3-methyl ether, prednisolone, 17°c-hy- 
droxyprogesterone acetate, 19-nor-progesterone, norg- 
estrel, norethindrone, norethisterone, norethiederone, 
progesterone, norgesterone, norethynodrel, aspirin, in- 
domethacin, naproxen, fenoprofen, sulindac, indopro- 
fen, nitroglycerin, isosorbide dinitrate, propranolol, 
timolol, atenolol, alprenolol, cimetidine, clonidine, imi- 



pramine, levodopa, chlorpromazine, methyldopa, dihy- 
droxyphenylalanine, theophylline, calcium gluconate, 
ketoprofen, ibuprofen, cephalexin, erythromycin, ha- 
loperidol, zomepirac, ferrous lactate, vincamine, di- 

5 azepam, phenoxybenzamine, diltiazem, milrinone, 
mandol, quanbenz, hydrochlorothiazide, ranitidine, flur- 
biprofen, fenufen, fluprofen, tolmetin, alclotenac, 
mefenamic, flufenamic, difuinal, nimodipine, nitren- 
dipine, nisoldipine, nicardipine, felodipine, lidoflazine, 

10 tiapamil, gallopamil, amtodipine, mioflazine, lisinolpril, 
enalapril, enalaprilat, captopril, ramipril, famotidine, ni- 
zatidine, sucralfate, etintidine, tetratolol, minoxidil, chlo- 
rdiazepoxide, diazepam, amitriptyline, and imipramine. 
Further examples are proteins and peptides which in- 

15 elude, but are not limited to, bone morphogenic proteins, 
insulin, colchicine, glucagon, thyroid stimulating hor- 
mone, parathyroid and pituitary hormones, calcitonin, 
renin, prolactin, corticotrophin, thyrotropic hormone, fol- 
licle stimulating hormone, chorionic gonadotropin, go- 

20 nadotropin releasing hormone, bovine somatotropin, 
porcine somatotropin, oxytocin, vasopressin, GRF, so- 
matostatin, lypressin, pancreozymin, luteinizing hor- 
mone, LHRH, LHRH agonists and antagonists, leupro- 
lide, interferons, interleukins, growth hormones such as 

25 human growth hormone, bovine growth hormone and 
porcine growth hormone, fertility inhibitors such as the 
prostaglandins, fertility promoters, growth factors, coag- 
ultion factors, human pancreas hormone releasing fac- 
tor, analogs and derivatives of these compounds, and 

30 pharmaceutical ly acceptable salts of these compounds, 
or their analogs or derivatives. 
[0029] To the extent not mentioned in the previous 
paragraph , the beneficial agents described in aforemen- 
tioned U.S. Patent No. 5,242,91 0 can also be used. One 

35 particular advantage of the present invention is that ma- 
terials, such as proteins, as exemplified by the enzyme 
lysozyme, and cDNA, and DNA incorporated into vec- 
tors both viral and nonviral, which are difficult to micro- 
capsulate or process into microspheres can be incorpo- 
rated into the compositions of the present invention with- 
out the level of degradation experienced with other tech- 
niques. 

[0030] The beneficial agent is preferably incorporated 
into the viscous gel formed from the polymer and the 

45 solvent in the form of particles typically having an aver- 
age particle size of from about 0.1 to about 1 00 microns, 
preferably from about 1 to about 25 microns and often 
from 2 to 10 microns. For instance, particles having an 
average particle size of about 5 microns have been pro- 

50 duced by spray drying or spray freezing an aqueous 
mixture containing 50% sucrose and 50% chicken lys- 
ozyme (on a dry weight basis). Such particles have been 
used in certain of the examples illustrated in the figures. 
[0031] To form a suspension of particles of the bene- 

55 ficial agent in the viscous gel formed from the polymer 
and the solvent, any conventional low shear device can 
be used such as a Ross double planetary mixer at am- 
bient conditions. In this manner, efficient distribution of 
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the beneficial agent can be achieved substantially with- 
out degrading the beneficial agent. 
[0032] The beneficial agent is typically dissolved or 
dispersed in the composition in an amount of from about 
1 to about 50% by weight, preferably in an amount of 5 
from about 5 to about 25% and often 10 to 20% by 
weight of the combined amounts of the polymer, solvent 
and beneficial agent. Depending on the amount of ben- 
eficial agent present in the composition, one can obtain 
different release profiles. More specifically, for a given io 
polymer and solvent, by adjusting the amounts of these 
components and the amount of the beneficial agent, one 
can obtain a release profile that depends more on the 
degradation of the polymer than the diffusion of the ben- 
eficial agent from the composition or vice versa. In this '5 
respect, at lower beneficial agent loading rates, one 
generally obtains a release profile reflecting degrada- 
tion of the polymer wherein the release rate increases 
with time. At higher loading rates, one generally obtains 
a release profile caused by diffusion of the beneficial 20 
agent wherein the release rate decreases with time. At 
intermediate loading rates, one obtains combined re- 
lease profiles so that if desired, a substantially constant 
release rate can be attained. While the particular re- 
lease rate depends on the particular circumstances, 25 
such as the beneficial agent to be administered, release 
rates on the order of from about 1 to about 1 0 micro- 
grams/day for periods of from about 7 to about 90 days 
can be obtained. Further, the dose of beneficial agent 
may be adjusted by adjusting the amount of injectable 30 
depot gel injected. As will be apparent from the following 
results, one can avoid a burst effect and administer on 
the order of 1% by weight of the beneficial agent in the 
composition during the first day. 

[0033] Figure 2 shows the release rates obtained from 35 
the compositions described with regard to Figure 1 . The 
gel prepared from 40% by weight of a 50:50 lactic acid: 
glycolic polymer and 60% by weight triaceti n is thick and 
thus difficult to inject but shows little burst (less than 2% 
of the beneficial agent is delivered in the first eight days). 40 
The gel prepared from 40% by weight of a 50:50 lactic 
acid:glycolic polymer and 60% by weight N-methyl- 
2-pyrrolidone is thin and injectable but shows a large 
burst (greater than 70% of the beneficial agent is deliv- 
ered in the first eight days). The gel prepared from 27% 45 
by weight of a 50:50 lactic acid:glycolic polymer, 40% 
by weight triacetin and 33% by weight of a 1 0% ethanol, 
90% isotonic saline solution is thin and injectable and 
shows little burst (less than 10% of the beneficial agent 
is delivered in the first eight days). In each case, lys- so 
ozyme is the beneficial agent and comprises 20% by 
weight of the combined beneficial agent, polymer and 
solvent formulation. 

[0034] The emulsifying agent constitutes an important 
aspect of the present invention. When the emulsifying ss 
agent is mixed with the viscous gel formed from the pol- 
ymer and the solvent using conventional static or me- 
chanical mixing devices, such as an orifice mixer, the 



emulsifying agent forms a separate phase composed of 
dispersed droplets of microscopic size that typically 
have an average diameter of less than about 100 mi- 
crons. The continuous phase is formed of the polymer 
and the solvent. The particles of the beneficial agent 
may be dissolved or dispersed in either the continuous 
phase or the droplet phase. In the resulting thixotropic 
composition, the droplets of emulsifying agent elongate 
in the direction of shear and substantially decrease the 
viscosity of the viscous gel formed from the polymer and 
the solvent. For instance, with a viscous get having a 
viscosity of from about 5,000 to about 50,000 poise 
measured at 1 .0 sec' 1 at 25°C, one can obtain a reduc- 
tion in viscosity to less than 1 00 poise when emulsified 
with a 10% ethanol/water solution at 25°C as deter- 
mined by Haake rheometer. Because dispersion and 
dissolution of the particles of beneficial agent in the 
emulsifying agent proceeds more rapidly than does dis- 
solution or dispersion of the beneficial agent in the vis- 
cous polymer, the beneficial agent can be mixed with 
the emulsifying agent just prior to the time of use. This 
permits the beneficial agent to be maintained in a dry 
state prior to use, which may be advantageous in those 
instances where long term stability of the beneficial 
agent in the viscous gel is of concern. Additionally, since 
the beneficial agent will remain in the droplet phase that 
is entrapped within the viscous gel as it forms, it is pos- 
sible to select an emulsifying agent in which the drug is 
optimally stable and thus prolong stability of the benefi- 
cial agent in the gel composition. An added benefit is 
the opportunity to program the release of beneficial 
agent via diffusion through the porous structure of the 
implant, rather than by degradation and dissolution of 
the polymer structure. 

[0035] When dissolution or dispersion of the benefi- 
cial agent in the emulsifying agent is intended, the in- 
jectable depot of this invention may be provided as a kit, 
having kit components comprising (a) a mixture of pol- 
ymer and solvent, (b) emulsifying agent and (c) benefi- 
cial agent. Prior to use the beneficial agent is mixed with 
the emulsifying agent, and that solution or suspension 
is mixed with the polymer/solvent mixture to prepare the 
injectable depot implant for use. 
[0036] The emulsifying agent is present in an amount 
ranging from about 5 to about 80%, preferably from 
about 20 to about 60% and often 30 to 50% by weight 
based on the amount of the injectable depot gel compo- 
sition , that is the combined amounts of polymer, solvent, 
emulsifying agent and beneficial agent. Illustrative 
emulsifying agents are water, alcohols, polyols, esters, 
carboxylic acids, ketones, aldehydes and mixtures 
thereof. Preferred emulsifying agents are alcohols, pro- 
pylene glycol, ethylene glycol, glycerol, water, and so- 
lutions and mixtures thereof. Especially preferred are 
water, ethanol, and isopropyl alcohol and solutions and 
mixtures thereof. The type of emulsifying agent affects 
the size of the dispersed droplets. For instance, ethanol 
will provide droplets that have average diameters that 
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can be on the order of ten times larger than the droplets 
obtained with an isotonic saline solution containing 
0.9% by weight of sodium chloride at 21 °C. 
[0037] While normally no other components are 
present in the composition, to the extent that conven- 
tional optional ingredients are desired, such as polyeth- 
ylene glycol, hydroscopic agents, stabilizing agents and 
others, they are used in an amount that does not sub- 
stantially affect the advantageous results which can be 
attained in accordance with the present invention. 
[0038] To illustrate various aspects of the invention 
further, Figure 3 shows the viscosities at different shear 
rates using water alone and an aqueous mixture con- 
taining 1 0% by volume of ethanol at a weight ratio of 2: 
1 (gehemulsifying agent) using a viscous gel formed 
from 50% by weight of a 50:50 lactic acid:glycolic acid 
copolymer and 50% by weight of triacetin compared to 
the viscosities of the viscous gel without emulsifying 
agent. 

[0039] It is to be understood that the emulsifying agent 
of the present invention does not constitute a mere dilu- 
ent that reduces viscosity by simply decreasing the con- 
centration of the components of the composition. The 
use of conventional diluents can reduce viscosity, but 
can also cause the burst effect mentioned previously 
when the diluted composition is injected. In contrast, the 
injectable depot composition of the present invention 
can be formulated to avoid the burst effect by selecting 
the emulsifying agent so that once injected into place, 
the emulsifying agent has little impact on the release 
properties of the original system. Further compositions 
without beneficial agent may be useful for wound heal- 
ing, bone repair and other structural support purposes. 
[0040] To further understand the various aspects of 
the present invention, the results set forth in the previ- 
ously described Figures were obtained in accordance 
with the following examples. 

Example 1 

[0041 ] Lysozyme particles were made by spray drying 
50% sucrose and 50% chicken lysozyme (on a dry 
weight basis). 

[0042] A viscous gel material was prepared by heat- 
ing 60% by weight of triacetin with 40% by weight of a 
50:50 lactic acid:glycolic acid copolymer to 37°C over- 
night. The viscous gel was allowed to cool to room tem- 
perature while mixing continued. The lysozyme particles 
were added to the viscous gel in a ratio of 20:80 lys- 
ozyme particles:gel (by weight). The combination was 
mixed for 5 minutes. Immediately prior to use, a 10% 
ethanol, 90% isotonic saline solution was added as the 
emulsifying agent. The emulsifying agent comprised 1/3 
of the total injectable depot gel composition. 0.5 grams 
of this injectable depot composition was then injected 
into a rat. 



Example 2 

[0043] A viscous gel material is prepared by heating 
60% by weight of triacetin with 40% by weight of a 50: 

5 50 lactic acid:glycolic acid copolymer to 37°C overnight. 
The viscous gel is allowed to cool to room temperature 
while mixing is continued. Immediately prior to use, lys- 
ozyme particles, prepared as in Example 1 . and in the 
same amount, are combined with a 10% ethanol, 90% 

10 isotonic saline solution, as an emulsifying agent, in the 
amount used in Example 1 . The emulsifying agent-lys- 
ozyme solution is mixed with the amount of gel material 
used in Example 1 to form an injectable depot gel com- 
position. The fabricated injectable depot gel composi- 
te tion is suitable for injection into an animal. 

[0044] In accordance with various aspects of the 
present invention, one or more significant advantages 
can be obtained. More specifically, using simple 
processing steps, one can obtain a depot gel composi- 

20 tion that can be injected into place in an animal without 
surgery using a low dispensing force through standard 
needles. Once in place, the composition will quickly re- 
turn to its original viscosity and may exhibit rapid hard- 
ening so as to substantially avoid a burst effect and pro- 

25 vide the desired beneficial agent release profile. Fur- 
thermore, once the beneficial agent has been fully ad- 
ministered, there is no need to remove the composition 
since it is fully biodegradable. As a still further advan- 
tage, the present invention avoids the use of micropar- 

30 tide or microcapsulation techniques which can degrade 
certain beneficial agents, like peptide and nucleic acid- 
based drugs and which microparticles and microcap- 
sules maybe difficult to remove from the environment of 
use. Since the viscous gel is formed without the need 

35 for water, temperature extremes, or other solvents, sus- 
pended particles of beneficial agent remain dry and in 
their original configuration, which contributes to the sta- 
bility of thereof. Further, since a mass is formed, the in- 
jectable depot gel composition may be retrieved from 

40 the environment of use if desired. 

[0045] The above-described exemplary embodi- 
ments are intended to be illustrative in all respects, rath- 
er than restrictive, of the present invention. Thus the 
present invention is capable of many variations in de- 

45 tailed implementation that can be derived from the de- 
scription contained herein by a person skilled in the art. 
All such variations and modifications are considered to 
be within the scope and spirit of the present invention 
as defined by the following claims. 

so 

Claims 

1 . An injectable depot gel composition comprising: 

55 

A) a biocompatible polymer; 

B) a solvent that dissolves the biocompatible 
polymer and forms a viscous gel; 
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from substantially 1 ,000 to 200,000 poise. 

11. An injectable depot gel composition according to 
any of claims 2 to 10 wherein the beneficial agent 

5 Is selected from a drug, a peptide, a protein, or 
growth hormone. 

12. An injectable depot gel composition according to 
any of claims 2 to 11 wherein the beneficial agent 

10 is present in an amount of from substantially 1 to 
50% by weight of the combined amounts of the pol- 
ymer, the solvent and the beneficial agent. 

13. An injectable depot gel composition according to 
is any of claims 2 to 12 wherein the beneficial agent 

is in the form of particles dispersed or dissolved in 
the viscous gel. 



C) an emulsifying agent in the form of a dis- 
persed droplet phase in the viscous gel. 

2. An injectable depot gel composition according to 
claim 1 further comprising a beneficial agent. 

3. An injectable depot gel composition according to ei- 
ther claim 1 or2 wherein the biocompatible polymer 
is selected from polylactides, polyglycolides, polyc- 
aprolactones, polyanhydrides, polyamines, poly- 
urethanes, polyeste ram ides, polyorthoesters, poly- 
dioxanones, polyacetals, polyketals, polycar- 
bonates, polyorthocarbonates, polyphosphazenes, 
succinates, poly(malic acid), poly(amino acids), 
polyvinylpyrrolidone, polyethylene glycol, polyhy- 
droxycellulose, chitin, chitosan, and copolymers, 
terpolymers and mixtures thereof. 

4. An injectable depot gel composition according to 
any preceding claim wherein the biocompatible pol- 
ymer is a lactic acid-based polymer. 

5. An injectable depot gel composition according to 
claim 4 wherein the lactic acid-based polymer has 
a monomer ratio of lactic acid to glycolic acid in the 
range of 100:0 to substantially 15:85. 

6. An injectable depot gel composition according to ei- 
ther claim 4 or 5 wherein the lactic acid-based pol- 
ymer has a number average molecular weight of 
from substantially 1,000 to 120,000. 

7. An injectable depot gel composition according to 
any preceding claim wherein the solvent that can 
dissolve the biocompatible polymer to form a vis- 
cous gel is selected from triacetin, N-methyl-2-pyr- 
rolidone, 2-pyrrolidone, glycerol formal, methyl ac- 
etate, ethyl acetate, methyl ethyl ketone, dimethyl- 
formamide, dimethyl sulfoxide, tetrahydrofuran, 
caprolactam, decylmethylsulfoxide, oleic acid, and 
1 -dodecylazacyclo-heptan-2-one and mixtures 
thereof. 

8. An injectable depot gel composition according to 
any preceding claim wherein the polymer is present 
in an amount of from substantially 5 to 80% by 
weighs of the combined amounts of the polymer and 
the solvent. 

9. An injectable depot gel composition according to 
any preceding claim wherein the solvent is present 
in an amount of from substantially 95 to 20% by 
weight of the combined amounts of the polymer and 
the solvent. 

10. An injectable depot gel composition according to 
any preceding claim wherein the viscous gel formed 
by the polymer and the solvent has a viscosity of 



14. An injectable depot gel composition according to 
20 claim 1 3 wherein the beneficial agent is in the form 

of particles having an average particle size of from 
substantially 0.1 to 100 microns. 

15. An injectable depot gel composition according to 
25 any preceding claim wherein the emulsifying agent 

is selected from water, alcohols, polyols, esters, 
carboxylic acids, ketones, aldehydes and mixture 
thereof. 

30 16. An injectable depot gel composition according to 
any preceding claim wherein the emulsifying agent 
is selected from alcohols, propylene glycol, ethyl- 
ene glycol, glycerol, water and solutions and mix- 
tures thereof. 

35 

17. An injectable depot gel composition according to 
any preceding claim wherein the emulsifying agent 
is selected from ethanol, isopropyl alcohol, water, 
solutions thereof, and mixtures thereof. 

40 

18. An injectable depot gel composition according to 
any preceding claim wherein the emulsifying agent 
is present in an amount of from substantially 5 to 
80% by weight of the injectable depot gel composi- 

45 tion. 

1 9. A method of preparing an injectable depot gel com- 
position comprising: 

50 A) mixing a biocompatible polymer and a sol- 

vent whereby the solvent dissolves the polymer 
and forms a viscous gel; 

B) dispersing or dissolving a beneficial agent in 
55 the viscous gel to form a beneficial agent con- 
taining viscous gel; and 

C) mixing an emulsifying agent with the bene- 
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ficial agent containing viscous gel; said emulsi- 
fying agent forming a dispersed droplet phase 
in the beneficial agent containing viscous gel to 
provide the injectable depot gel composition. 

20. A method of preparing an injectable depot gel com- 
position comprising: 



saure im Bereich von 100:0 bis im wesentlichen 15: 
85 hat. 

6. Injizierbare Depotgelzusammensetzung nach ei- 
nem der Anspruche 4 Oder 5, worin das milchsau- 
rebasierte Polymer eine mittlere Molmasse von im 
wesentlichen 1000 bis 120000 hat. 



A) mixing a biocompatible polymer and a sol- 
vent whereby the solvent dissolves the polymer 
to form a viscous gel; 

B) dispersing or dissolving a beneficial agent in 
an emulsifying agent to form a beneficial agent 
containing emulsifying agent; and 

C) mixing the beneficial agent containing emul- 
sifying agent with the viscous gel, said benefi- 
cial agent containing emulsifying agent forming 
a dispersed droplet phase in the viscous gel to 
provide the injectable depot composition. 



Patentanspruche 

1. Injizierbare Depotgelzusammensetzung, welche 
umfaf3t: 

A) ein biokompatibles Polymer; 

B) ein Losungsmittel, das das biokompatible 
Polymer lost und ein viskoses Gel bildet; 

C) einen Emulgator in Form einer dispergierten 
Tropfchenphase im viskosen Gel. 

2. Injizierbare Depotgelzusammensetzung nach An- 
spruch 1 , die weiterhin ein nutzliches Mittel umfaBt. 

3. Injizierbare Depotgelzusammensetzung nach ei- 
nem der Anspruche 1 oder 2, worin das biokompa- 
tible Polymer ausgewahlt ist aus Polylactiden, Po- 
lyglycoliden, Poiycaprolactonen, Polyanhydriden, 
Polyaminen, Polyurethanen, Polyesteramiden, Po- 
lyorthoestern, Polydioxanonen, Polyacetalen, Poly- 
ketalen, Polycarbonaten, Polyorthocarbonaten, 
Polyphosphazenen, Succinates Poly(apfelsaure), 
Poly(amino-sauren), Polyvinylpyrrolidon, Polyethy- 
lenglycol, Polyhydroxycellulose, Chitin, Chitosan 
sowie Copolymeren, Terpolymeren und Gemischen 
davon. 

4. Injizierbare Depotgelzusammensetzung nach ei- 
nem der vorhergehenden Anspruche, worin das 
biokompatible Polymer ein milchsaurebasiertes 
Polymer ist. 

5. Injizierbare Depotgelzusammensetzung nach An- 
spruch 4, worin das milchsaurebasierte Polymer ein 
Monomerenverhaltnis von Milchsaure zu Glycol- 



7. Injizierbare Depotgelzusammensetzung nach ei- 
10 nem der vorhergehenden Anspruche, worin das Lo- 
sungsmittel, das das biokompatible Polymer losen 
kann, urn ein viskoses Gel zu bilden, ausgewahlt ist 
aus Triacetin, N-Methyl-2-pyrrolidon, 2-Pyrrolidon, 
Glycerinformal, Methylacetat, Ethylacetat, Methyle- 
*s thylketon, Dimethylformamid, Dimethyisulfoxid, Te- 
trahydrofuran, Caprolactam, Decylm ethyls ulfoxid, 
Oleinsaure und 1-Dodecylazacyclo-heptan-2-on 
und Gemischen davon. 

20 8. Injizierbare Depotgelzusammensetzung nach ei- 
nem der vorhergehenden Anspruche, worin das Po- 
lymer in einer Menge von im wesentlichen 5 bis 80 
Gew.-% der vereinigten Menge an Polymer und Lo- 
sungsmittel vorliegt. 

25 

9. Injizierbare Depotgelzusammensetzung nach ei- 
nem der vorhergehenden Anspruche, worin das Lo- 
sungsmittel in einer Menge von im wesentlichen 95 
bis 20 Gew.-% der vereinigten Menge an Polymer 

30 und Losungsmittel vorliegt. 

10. Injizierbare Depotgelzusammensetzung nach ei- 
nem der vorhergehenden Anspruche, worin das vis- 
kose Gel, das aus dem Polymer und dem Losungs- 

35 mittel gebildet wird, eine Viskositat von im wesent- 
lichen 1000 bis 200000 Poise hat. 

11. Injizierbare Depotgelzusammensetzung nach ei- 
nem der Anspruche 2 bis 10, worin das niitzliche 

4 o Mittel ausgewahlt ist aus einem Medikament, einem 
Peptid, einem Protein Oder einem Wachstumshor- 
mon. 

12. Injizierbare Depotgelzusammensetzung nach ei- 
45 nem der Anspruche 2 bis 11, worin das niitzliche 

Mittel in einer Menge von im wesentlichen 1 bis 50 
Gew.-% der vereinigten Mengen an Polymer, dem 
Losungsmittel und dem nutzlichen Mittel vorliegt. 

so 13. Injizierbare Depotgelzusammensetzung nach ei- 
nem der Anspruche 2 bis 12, worin das niitzliche 
Mittel in Form von Partikeln vorliegt, die im viskosen 
Gel dispergiert oder geldst sind. 

55 14. Injizierbare Depotgelzusammensetzung nach An- 
spruch 13, worin das niitzliche Mittel in Form von 
Partikeln mit einer mittleren Partikelgrof3e von im 
wesentlichen 0,1 bis 100 urn vorliegt. 
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15. Injizierbare Depotgelzusammensetzung nach ei- 
nem der vorhergehenden Ansprtiche, worin der 
Emulgator ausgewahlt ist aus Wasser, Alkoholen, 
Polyolen, Estern, Carbonsauren, Ketonen, Aldehy- 
den und Gemischen davon. 

16. Injizierbare Depotgelzusammensetzung nach ei- 
nem der vorhergehenden Ansprtiche, worin der 
Emulgator ausgewahlt ist aus Alkoholen, Propylen- 
glycol, Ethylenglycol, Glycerin, Wasser und Losun- 
gen und Gemischen davon. 

17. Injizierbare Depotgelzusammensetzung nach ei- 
nem der vorhergehenden Ansprtiche, worin der 
Emulgator ausgewahlt ist aus Ethanol, Isopropylal- 
kohol, Wasser, Losungen davon und Gemischen 
davon. 

18. Injizierbare Depotgelzusammensetzung nach ei- 
nem der vorhergehenden Ansprtiche, worin der 
Emulgator in einer Menge von im wesentlichen 5 
bis 80 Gew.-% der injizierbaren Depotgelzusam- 
mensetzung vorliegt. 

1 9. Verf ahren zur Herstellung einer injizierbaren Depot- 
gelzusammensetzung, welches umfaBt: 

A) Mischen eines biokompatiblen Polymers 
und eines Losungsmittels, wobei das Losungs- 
mittel das Polymer lost und ein viskoses Gel bil- 
det; 

B) Dispergieren oder Losen eines niitzlichen 
Mittels in dem viskosen Gel, urn ein viskoses 
Gel zu bilden, das das nutzliche Mittel enthalt; 
und 

C) Mischen eines Emulgators mit dem viskosen 
Gel, das das nutzliche Mittel enthalt; der Emul- 
gator bildet eine dispergierte Tropfchenphase 
in dem viskosen Gel, das das nutzliche Mittel 
enthalt, urn die injizierbare Depotgelzusam- 
mensetzung bereitzustellen. 

20. Verfahren zur Herstellung einer injizierbaren Depot- 
gelzusammensetzung, welches umfaBt: 

A) Mischen eines biokompatiblen Polymers 
und eines Losungsmittels, wobei das Losungs- 
mittel das Polymer lost, urn ein viskoses Gel zu 
bilden; 

B) Dispergieren oder Losen eines niitzlichen 
Mittels in einem Emulgator, urn einen Emulga- 
tor zu bilden, der das nutzliche Mittel enthalt; 
und 

C) Mischen des Emulgators, der das nutzliche 
Mittel enthalt, mit dem viskosen Gel, wobei der 
Emulgator, der das nutzliche Mittel enthalt, eine 
dispergierte Tropfchenphase im viskosen Gel 
bildet, urn die injizierbare Depotgelzusammen- 
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setzung bereitzustellen. 



Revendications 

1. Composition de gel injectable a effet retard, 
comprenant : 

(A) un polymere biocompatible ; 

(B) un solvant qui dissout le polymere biocom- 
patible et forme un gel visqueux ; 

(C) un agent 6mulsifiant sous la forme d'une 
phase de gouttelettes dispersees dans le gel 
visqueux. 

2. Composition de gel injectable a effet retard selon la 
revendication 1 , comprenant en outre un agent uti- 
le. 



20 3. Composition de gel injectable a effet retard selon 
Tune ou I'autre des revendications 1 et 2, dans la- 
quelle le polymere biocompatible est choisi parmi 
les polylactides, les polyglycolides, les polycapro- 
lactones, les polyanhydrides, les polyamines, les 

25 polyurethannes, les polyesteramides, les polyor- 
thoesters, les polydioxanones, les polyac6tals, les 
polycetals, les polycarbo nates, les polyorthocarbo- 
nates, les polyphosphazenes, les succinates, le po- 
ly(acide malique), les poly(acides amines), la poly- 

30 vinylpyrrolidone, le polyethylene glycol, la polyhy- 
droxycellulose, la chitine, le chitosane, et les copo- 
lymeres, terpolymeres et melanges de ceux-ci. 



35 



Composition de gel injectable a effet retard selon 
Tune quelconque des revendications precedentes, 
dans laquelle le polymere biocompatible est un po- 
lymere a base d'acide lactique. 



5. Composition de gel injectable a effet retard selon la 
^o revendication 4, dans laquelle le polymere a base 
d'acide lactique a un rapport en monomeres de 
I'acide lactique a I'acide glycolique se situant dans 
la plage de 100:0 a sensiblement 15:85. 

45 6. Composition de gel injectable a effet retard selon 
Tune ou I'autre des revendications 4 et 5, dans la- 
quelle le polymere a base d'acide lactique a une 
masse moleculaire moyenne en nombre de sensi- 
blement 1000 a 120 000. 

50 

7. Composition de gel injectable a effet retard selon 
Tune quelconque des revendications pr6c6dentes, 
dans laquelle le solvant qui peut dissoudre le poly- 
mere biocompatible pour former un gel visqueux est 
55 choisi parmi la triacetine, la N-m6thyl-2-pyrrolidone, 
la 2-pyrrolidone, le glycerol formal, I'ac&ate de me- 
thyle, I'acetate d'ethyle, la methyl 6thyl cetone, le 
dimethylformamide, le dimethyl sulfoxyde, le tetra- 
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hydrofuranne, le caprolactame, le decylmethylsul- cerol, I'eau et leurs solutions et melanges, 
foxyde, I'acide oieique et la 1 -dodecylazacyclo-hep- 

tan-2-one et leurs melanges. 17. Composition de gel injectable a effet retard selon 

Tune quelconque des revendications precedentes, 

8. Composition de gel injectable a effet retard selon 5 dans laquelle I'agent emulsifiant est choisi parmi 

I'une quelconque des revendications precedentes, I'ethanol, I'alcool isopropylique, I'eau, leurs solu- 

dans laquelle le polymere est present dans une tions, et leurs melanges. 



quantite de sensiblement 5 a 80% en poids des 
quantites combin6es du polymere et du solvent, 

10 



9. Composition de gel injectable a effet retard selon 
I'une quelconque des revendications precedentes, 
dans laquelle le solvant est present dans une quan- 
tity de sensiblement 95 a 20% en poids des quan- 
tites combin6es du polymere et du solvant. 

10. Composition de gel injectable a effet retard selon 
I'une quelconque des revendications precedentes, 
dans laquelle le gel visqueux forme par le polymere 
et le solvant a une viscosity de sensiblement 1 000 
a 200 000 poises. 

11. Composition de gel injectable a effet retard selon 
I'une quelconque des revendications 2 a 10, dans 
laquelle I'agent utile est choisi parmi un medica- 
ment, un peptide, une proteine ou une hormone de 
croissance. 

12. Composition de gel injectable a effet retard selon 
I'une quelconque des revendications 2 a 11, dans 
laquelle I'agent utile est present dans une quantite 
de sensiblement 1 a 50% en poids des quantites 
combin6es du polymere, du solvant et de I'agent uti- 
le. 

13. Composition de gel injectable a effet retard selon 
I'une quelconque des revendications 2 a 12, dans 
laquelle I'agent utile se presente sous la forme de 
particules dispers6es ou dissoutes dans le gel vis- 
queux. 

14. Composition de gel injectable a effet retard seion la 
revendication 13, dans laquelle I'agent utile se pre- 
sente sous la forme de particules ayant une taille 
moyenne de particule de sensiblement 0,1 a 100 
microns. 

15. Composition de gel injectable a effet retard selon 
I'une quelconque des revendications precedentes, 
dans laquelle I'agent emulsifiant est choisi parmi 
I'eau, les alcools, les polyols, les esters, les acides 
carboxyliques, les cetones, les aldehydes et leurs 
melanges. 



18. Composition de gel injectable a effet retard selon 
10 rune quelconque des revendications precedentes, 
dans laquelle I'agent emulsifiant est present dans 
une quantite de sensiblement 5 a 80% en poids de 
la composition de gel injectable a effet retard. 

is 19. Proc6d6 de preparation d'une composition de gel 
injectable a effet retard, comprenant les operations 
consistent a : 

A) meianger un polymere biocompatible et un 
solvant, ce par quoi le solvant dissout le poly- 
mere et forme un gel visqueux ; 

B) disperser ou dissoudre un agent utile dans 
le gel visqueux pour former un gel visqueux 
contenant un agent utile ; 

C) meianger un agent emulsifiant avec le gel 
visqueux contenant un agent utile ; ledit agent 
emulsifiant formant une phase de gouttelettes 
dispers6es dans le gel visqueux contenant 
I'agent utile pour fournir la composition de gel 
injectable a effet retard. 

20. Proc6d6 de preparation d'une composition de gel 
injectable a effet retard, comprenant les operations 
consistant a : 

A) meianger un polymere biocompatible et un 
solvant, ce par quoi le solvant dissout le poly- 
mere afin de former un gel visqueux ; 

B) disperser ou dissoudre un agent utile dans 
un agent emulsifiant afin de former un agent 
emulsifiant contenant un agent utile ; et 

C) meianger I'agent emulsifiant contenant un 
agent utile avec le gel visqueux ; ledit agent 
emulsifiant contenant un agent utile formant 
une phase de gouttelettes dispers6es dans le 
gel visqueux pour fournir la composition injec- 
table a effet retard. 



25 



16. Composition de gel injectable a effet retard selon 55 
I'une quelconque des revendications precedentes, 
dans laquelle I'agent emulsifiant est choisi parmi les 
alcools, le propylene glycol, rethyiene glycol, le gly- 
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